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Abstract
Activation of cannabinoid receptors using systemic treatments produces analgesia in 
a variety of experimental pain models, but these effects are hindered by sedation and 
motor impairment mediated by receptors in the central nervous system. Targeting the 
endocannabinoid system in the periphery can bypass these unwanted side effects while 
still producing analgesia in both acute and chronic pain states. This chapter discusses the 
different approaches to increasing peripheral endocannabinoid activity in experimental 
models of acute and chronic pain, including inflammatory pain, neuropathic pain, and 
sickle cell disease. We also explore how these treatments alter nociceptive activity in the 
peripheral nervous system.
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1. Introduction
Although the cannabis plant (Cannabis sativa) has been used as a folk remedy to treat various 
ailments for thousands of years, it is only within the last century that its active components 
have been isolated and identified. While some of its effects are well documented, its impact 
on pain had been less clear due to confounding effects on mood, motor impairment, and 
sedation. Isolation of the psychoactive components of the cannabis plant and the develop-
ment of synthetic cannabinoid compounds enabled more rigorous testing. Identification of a 
cannabinoid receptor (CB1) in 1988 gave insight into the mechanisms of the cannabis effect, 
as did the discovery of endogenous ligands, referred to as endocannabinoids [1–4]. Studies 
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in rats showed that when applied intravenously or directly to the spinal cord, cannabinoid 
agonists attenuated responses to noxious mechanical and thermal stimulation in nocicep-
tive spinal neurons [5–7]. These early studies provided the first evidence of a direct effect of 
cannabinoids in pain inhibition and led to further investigations to identify the mechanisms 
underlying cannabinoid effects on neuronal activity.
The endogenous cannabinoid system consists of two well-characterized receptor subtypes, 
CB1 and CB2, and their endogenous ligands, from which anandamide (AEA) and 2-arachi-
donoyl glycerol (2-AG) are the most studied [8–10]. Cannabinoid receptors are G-protein 
coupled, mainly to G
i/o
, which inhibits adenylyl cyclase [3, 11], and voltage-dependent Ca2+ 
channels [12]. CB1 receptors are expressed primarily in the nervous system, but are also pres-
ent in non-neuronal tissues. CB2 receptors are mainly located peripherally, and are associated 
with modulation of immune cells [4, 13, 14]. Since CB receptors are widely distributed, their 
activation produces a wide variety of behavioral and physiological responses.
1.1. Role of the endocannabinoid system in anti-nociception and neuroprotection
Activation of cannabinoid receptors has been shown to produce anti-nociception in experi-
mental models of inflammatory pain, including formalin [15, 16], carrageenan [17–19], CFA, 
complete Freund’s adjuvant [20], and capsaicin [19, 21–24]. In addition, the administration 
of cannabinoid antagonists has been shown to enhance pain behavior in formalin and car-
rageenan models [15, 18], suggesting that tonic activation of cannabinoid receptors contributes 
to anti-nociception in response to inflammation. Systemic administration of cannabinoid ago-
nists has also been shown to attenuate neuropathic pain following peripheral nerve injury (CCI 
model [25], partial sciatic nerve ligation [26], spinal nerve injury [27], L5/L6 ligation [28, 29]), 
diabetic neuropathy (type 1 [30–32] and type 2 [32]), and chemotherapy induced peripheral 
neuropathy [33–36]. In humans, cannabinoid agonists attenuated post-operative pain [37] and 
also enhanced the analgesic efficacy of opioids [38]. Two small clinical evaluations of the effi-
cacy of (−)Δ9-tetrohydrocannabinol (THC), the main psychoactive compound of the cannabis 
plant, reported pain relief comparable to codeine [39, 40]. Unfortunately, higher doses tended 
to produce significant side effects including sedation, dizziness, ataxia and blurred vision.
In addition to anti-nociception, the endocannabinoid system has a neuroprotective function. 
In a model of cerebral ischemia, cannabinoid agonists, cannabidiol and THC attenuated toxic-
ity related to the activity of excitatory neurotransmitters in the rat cerebral cortex independent 
from CB1 and CB2 receptors [41]. Cannabidiol is known to have low affinity for cannabinoid 
receptors, and has also been shown to act as a negative allosteric modulator at the CB1 recep-
tor and a reverse agonist at the CB2 receptor [42, 43]. Another study reported the involvement 
of CB1 receptors in the reduction of neuronal loss [44]. Further, an in vitro study of hypoxic 
ischemia demonstrated a possible role for CB2 receptors [45]. The endogenous cannabinoid 
ligand, 2-AG, was shown to be neuroprotective in a model of traumatic brain injury, result-
ing in reduced edema and neuronal loss in the hippocampus [46]. Endocannabinoids have 
also been shown to protect against neurodegenerative diseases, including Alzheimer’s dis-
ease, where the inhibition of microglial activation may prevent pathological changes associ-
ated with beta amyloid [47]. There is also evidence that cannabinoids possess antioxidant 
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properties through the activity of cannabinoid receptors located on microglia, astrocytes, 
and other immune cells, where activation inhibits the release of pro-inflammatory substances 
[48–54]. Increased expression of CB2 on microglia and astrocytes has been observed in the 
area of lesion [54]. The administration of a CB2 agonist slowed the progression of amyotrophic 
lateral sclerosis in mice, and the activation of the endocannabinoid system protected against 
myelin degeneration in multiple sclerosis through a combination of immunosuppression and 
neuroprotection [55–57]. In studies of peripheral neuropathy produced by chemotherapy, 
WIN 55,212-2 prevented the development of neuropathy induced by cisplatin treatment [33], 
and when WIN 55,212-2 treatment was initiated after sciatic nerve ligation (CCI model of 
neuropathic pain), mechanical hyperalgesia failed to develop by 14 days post-injury [58].
2. Targeting the peripheral endocannabinoid system in chronic pain
A major limitation to the systemic use of cannabinoid agonists as treatment for chronic pain is 
that activation of cannabinoid receptors in the central nervous system is associated with unde-
sirable side effects, including sedation and catalepsy [59]. Targeting endocannabinoid activity 
in the peripheral nervous system bypasses these unwanted side effects while still producing 
analgesia in animal models of inflammatory pain, bone cancer pain, neuropathic pain and 
sickle cell disease. Continued research into the specific mechanisms of analgesia produced 
by activation of the endocannabinoid system in the periphery could identify new targets for 
pain which could serve as stand-alone therapies or be integrated into a multifaceted treatment 
approach. This chapter will review studies that have investigated the analgesic effects of treat-
ments that target the peripheral endocannabinoid system, whether through direct activation 
of cannabinoid receptors or through modulation of endocannabinoid metabolism.
2.1. Synthetic cannabinoids in rodent models of pain: inflammation, bone cancer 
pain, neuropathic pain and sickle cell disease
Local administration of cannabinoid receptor agonists, as opposed to systemic treatment, can 
produce analgesia without centrally-mediated side effects. Intraplantar administration of the 
non-selective cannabinoid receptor agonist WIN 55,212–2 attenuated heat and mechanical 
hyperalgesia in an acute cutaneous heat injury model in rats. This was blocked by a CB1 recep-
tor antagonist, and partially blocked by a CB2 receptor antagonist, suggesting that while both 
receptor subtypes play a role in anti-nociception during acute pain, the effect was primarily 
mediated through activation of CB1 receptors [60]. WIN 55,212–2 also decreased mechanical 
hyperalgesia in the tumor-bearing hind paw in a mouse model of bone cancer pain [61]. The 
anti-hyperalgesic effect was mediated by both CB1 and CB2 receptors. Importantly, intra-
plantar administration did not induce catalepsy, which normally occurs when cannabinoid 
agonists are injected systemically and can confound behavioral measures of nociception [62]. 
Recordings from the tibial nerve of tumor-bearing mice showed that intraplantar WIN 55,212-2 
attenuated sensitization of C-fiber nociceptors as evidenced by a decrease in spontaneous dis-
charge and reduced responses evoked by mechanical stimuli responses evoked by mechanical 
stimulation, effects which were blocked by both CB1 and CB2 antagonists [63] (Figure 1).
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In a model of inflammatory pain, intraplantar administration of the non-selective cannabi-
noid receptor agonist CP 55,940 attenuated CFA-induced hyperalgesia in mice expressing 
human sickle hemoglobin (BERK and hBERK1) as well as controls expressing normal human 
hemoglobin (HbA-BERK) [64].
Figure 1. Effect of non-selective cannabinoid receptor agonist WIN 55,212-2 on responses of C-fiber nociceptors evoked 
by suprathreshold mechanical stimulation. (A) Representative examples of nociceptor responses evoked by 147 mN 
before injection and at 15, 30, 45 and 60 min after intraplantar administration of vehicle or WIN 55,212-2 alone or 
preceded by the CB1 receptor antagonist AM281 or CB2 antagonist AM630. The time of application of the stimulus is 
shown at the bottom of each column. (B) Mean (±SEM) number of evoked impulses before and at 15, 30, 45 and 60 min 
after intraplantar administration of vehicle, WIN 55,212–2, WIN 55,212–2 + AM281, and WIN 55,212–2 + AM630. Evoked 
responses were not changed following injection of vehicle but decreased following WIN 55,212-2. This was blocked by 
pretreatment with AM281 or AM630. * p < .05, ** p ≤ .01, *** p < .001 vs. WIN 55,212–2; ### p < .001 vs. pre-injection value 
(from Uhelski et al. [63]).
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The analgesic effect of intraplantar WIN 55,212-2 showed more variability in models of neu-
ropathic pain. In a sciatic nerve ligation model, only the highest dose tested (250 μg) pro-
duced an anti-hyperalgesic effect, but the injection altered withdrawal latencies to heat and 
mechanical response thresholds in both the treated and non-treated hind paw, suggesting 
that the drug effect was not limited to the periphery [65]. This effect was also seen in rats 
with partial sciatic nerve ligation (Seltzer model of neuropathic pain); however, the effect 
was blocked by the intraplantar administration of a CB1 antagonist but not when that same 
antagonist was administered by the intrathecal route [26], indicating that the ability of WIN 
55,212-2 to produce anti-nociception in the contralateral paw is not necessarily mediated by 
activation of CB1 receptors in the central nervous system. In a rat model of chemotherapy-
induced peripheral neuropathy produced by paclitaxel treatment, intraplantar administration 
of WIN 55,212-2 had no effect on mechanical or heat hyperalgesia, whereas systemic treat-
ment produced anti-nociception [65]. In contrast, intraplantar administration of WIN 55,212-2 
attenuated mechanical allodynia associated with streptozotocin-induced diabetic neuropathy 
[31]. A non-selective cannabinoid receptor agonist naphthalen-1-yl-(4-pentyloxynaphthalen-
1-yl)methanone, a novel compound which does not appear to cross the blood–brain barrier, 
reduced mechanical hyperalgesia in a rats with partial sciatic nerve ligation when adminis-
tered orally [66], indicating that peripherally-restricted activation of cannabinoid receptors 
can produce adequate analgesia with an oral dosing regimen.
Receptor-selective synthetic cannabinoids also produce analgesic effects. In rats given an intra-
plantar injection of CFA, arachidonyl-2′-chloroethylamide (ACEA) and (R)-(+)-methanandamide 
(methAEA), stable mimics of AEA that preferentially bind CB1 receptors, reduced mechani-
cal hyperalgesia and decreased evoked responses in Aδ-fiber nociceptors. The reduction in 
mechanical hyperalgesia was blocked by a CB1 receptor antagonist, but not by a CB2 antagonist. 
Notably, neither drug had any effect on mechanical withdrawal thresholds or paw withdrawal 
frequency in naïve rats, and no changes were seen in evoked responses of Aδ-fiber nociceptors 
isolated from nerves innervating normal, non-inflamed paws [67]. The CB1 receptor agonist 
arachidonylcyclopropylamide (ACPA) attenuated hyperalgesia in a mouse model of bone can-
cer pain [68].
Intraplantar administration of AM1241, which preferentially binds to the CB2 receptor, 
reduced withdrawal responses to noxious heat in naïve rats, and no central side effects were 
observed when this compound was administered systemically [69]. Intraplantar adminis-
tration of AM1241 reduced capsaicin-evoked nocifensive behaviors and hyperalgesia [70], 
reduced hyperalgesia and edema in carrageenan-induced inflammation [71], and reduced 
hyperalgesia in a mouse model of bone cancer pain [68].
The endocannabinoids AEA and 2-AG have also been assessed for their peripheral anti-
nociceptive properties. Intraplantar administration of AEA prevented the development of 
CFA-induced hyperalgesia and inflammation, while systemic administration of AEA had no 
effect [19]. This indicates that in order for AEA to inhibit the inflammatory pain that follows 
CFA injection, high levels of the drug must be present at the site of injury, which is difficult to 
achieve under normal conditions given that AEA has a short half-life due to rapid degradation 
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by enzymes. Intraplantar AEA also inhibited capsaicin-induced edema and reduced forma-
lin-induced nociceptive behaviors via CB1 receptor activation [15, 19, 72]. Intraplantar AEA 
was far more effective at inhibiting formalin-induced behaviors than intravenous AEA [15]. 
Formalin-evoked behaviors were also inhibited by intraplantar administration of 2-AG, 
an effect blocked by a CB2 receptor antagonist but not a CB1 antagonist [73]. In rats with 
inflammation produced by carrageenan administration to the hind paw, evoked responses of 
nociceptive spinal dorsal horn neurons were reduced following intraplantar administration 
of AEA [74]. The reduction in evoked activity was blocked by a CB2 antagonist, but not a 
CB1 antagonist. Intraplantar administration of AEA did not produce any changes in evoked 
responses of spinal neurons in control rats. Intraplantar AEA decreased hyperalgesia in the 
tumor-bearing paw in a mouse model of bone cancer pain, and this was blocked by a CB1 
receptor antagonist [75]. Intraplantar 2-AG also decreased hyperalgesia in the tumor-bearing 
paw and the anti-hyperalgesia was mediated by CB2 receptors [76]. Intraplantar AEA has 
also been shown to decrease hyperalgesia following cisplatin treatment [77]. The mechanism 
of anti-nociception produced by AEA is complex, and the subtype of cannabinoid receptors 
involved in its effect seems to differ under acute and chronic pain states. AEA has strong anal-
gesic effects when applied to the site of inflammation or neuropathic pain; however, it should 
be noted that elevated levels of AEA can also increase excitability of nociceptors through 
activation of TRPV1 receptors that induces Ca2+ influx. This effect was shown in cultured 
dorsal root ganglion (DRG) neurons sensitive to heat stimulation [78]. It should also be noted 
that endocannabinoid interactions with ion channels and other binding sites separate from 
cannabinoid receptors can also produce changes in neuronal function.
In addition to direct cannabinoid receptor agonists, there are drugs which modify endocan-
nabinoid metabolism and thereby alter levels of endocannabinoids. For example, compounds 
that inhibit enzymes that break down endocannabinoids increase the amount of endocan-
nabinoids available for binding to cannabinoid receptors. URB597 ((3′-(aminocarbonyl)
[1,1′-biphenyl]-3-yl)-cyclohexylcarbamate) targets fatty acid amide hydrolase (FAAH), an 
enzyme which breaks down AEA. Intraplantar administration of URB597 decreased hyper-
algesia and C-fiber nociceptor sensitization in chemotherapy-induced peripheral neuropathy 
following cisplatin treatment, effects which were blocked by a CB1 receptor antagonist but 
not a CB2 antagonist. Biochemical analysis of skin showed that URB597 increased local levels 
of AEA without altering the levels of other endocannabinoids [79], indicating that increased 
activation of CB1 receptors by AEA was the source of decreased nociceptor excitability and 
analgesia. Intraplantar URB597 also decreased hyperalgesia and C-fiber nociceptor sensitiza-
tion in a transgenic mouse model of sickle cell disease (SCD, HbSS-BERK). These effects were 
also blocked by a CB1 receptor antagonist but not by a CB2 receptor antagonist (Figure 2). 
Importantly, intraplantar administration of URB597 still had an anti-hyperalgesic effect in 
sickle mice with CB2 receptors knocked out (HbSS-BERK-CBR2−/−, [80], confirming mediation 
by CB1 receptors.
Systemic application of URB937 (N-cyclohexyl-carbamic acid, 3′-(aminocarbonyl)-6-hydroxy 
[1,1′-biphenyl]-3-yl ester), a FAAH inhibitor that is restricted to the periphery and cannot cross 
the blood-brain barrier, produced analgesic effects in sciatic nerve ligation (Bennett model of 
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neuropathic pain) and carrageenan-induced inflammation in the affected hind paw, but did not 
alter responses on the non-affected hind paw [81, 82]. In cisplatin-treated mice, URB597 delayed 
and decreased the hyperalgesic effect of cisplatin [77]. Unfortunately, sustained pharmacologi-
cal inhibition of FAAH results in endocannabinoid catabolism by alternative pathways, which 
are not dependent upon FAAH [83], thus limiting their clinical effectiveness. FAAH knockout 
mice have elevated levels of N-acylethanolamines and N-acyl taurines, show reduced responses 
to noxious stimuli, and are hypersensitive to AEA [84].
Figure 2. (A) Intraplantar administration of the FAAH inhibitor URB597 decreased evoked responses in C-fiber 
nociceptors isolated from HbSS-BERK sickle mice. Data show the mean (±SEM) number of impulses evoked by 147 
mN before and at 30, 60, 90 and 120 min after various drug treatments. The number of evoked impulses was reduced 
following intraplantar administration of URB597 at 30, 60, 90, and 120 min post-injection, and this effect was blocked 
by the CB1 receptor antagonist AM281, but not CB2 receptor antagonist AM630. *p < .05, **p < .005, ***p ≤ .001 vs. the 
vehicle-treated group. ###p < .001 indicates significant differences from pre-injection value. (B) Representative examples 
of responses of individual C-fibers evoked by 147 mN for 5 s before (pre-injection) and at 30, 60, 90 and 120 min after 
intraplantar injection of vehicle, URB597, URB597 + AM281, and URB597 + AM630. The time of mechanical stimulation 
is illustrated at the bottom of each column. Reproduced from Uhelski et al. [80].
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Monoacylglycerol lipase (MAGL) is an enzyme that breaks down 2-AG. Inhibition of MAGL 
 produces analgesia under inflammatory conditions. Intraplantar administration of MAGL-
inhibitor URB602 (N-[1,1’-Biphenyl]-3-yl-carbamic acid, cyclohexyl ester) attenuated formalin-
evoked nociceptive behaviors [73]. Combining URB602 with 2-AG enhanced the anti-nociceptive 
effects of each [73]. The effect of URB602 was blocked by both CB1 and CB2 antagonists, whereas 
the effects of 2-AG were only blocked by a CB2 antagonist, suggesting that the URB602 does not 
behave as selective and/or potent inhibitor of MAGL [85] and that its effects are not dependent 
on only 2-AG, but may involve the inhibition of FAAH as well. In a mouse model of bone cancer 
pain, JZL184, a selective MAGL inhibitor, attenuated hyperalgesia in the tumor-bearing hind paw 
[76]. JZL184 elevates levels of 2-AG but not AEA following acute systemic administration, and the 
anti-hyperalgesic effect was shown to be dependent on CB2 (but not CB1) receptors. In contrast, 
intraplantar injection of JZL184 in cisplatin-treated mice decreased hyperalgesia by inhibiting 
both MAGL and FAAH and normalizing 2-AG and AEA levels in the plantar skin and DRG [86].
2.2. Mechanisms underlying peripheral effects of endocannabinoids
There is a large body of evidence demonstrating that activation of cannabinoid receptors in 
the periphery produces analgesia. This effect appears to be the result of decreased nocicep-
tor excitability, and there are several mechanisms that could contribute to this effect. These 
include direct activation of cannabinoid receptors that are expressed by nociceptors as well 
as activation of cannabinoid receptors expressed in the surrounding non-neuronal tissue that 
indirectly modulate neuronal excitability.
Studies of mRNA and protein expression have identified CB1 receptors on nociceptive neu-
rons, and selectively knocking out CB1 receptors in Na
v
1.8-expressing neurons increased sen-
sitivity to noxious heat, enhanced CFA-induced inflammation, and decreased the analgesic 
effect of WIN 55,212-2 [87–89]. Further, blocking either CB1 or CB2 receptors in the periphery 
inhibited the anti-nociceptive effect of systemic WIN 55,212-2 to the same degree, suggesting 
that peripheral cannabinoid receptors are a major site of action for cannabinoid receptor-
mediated analgesia [90]. The application of cannabinoid agonist WIN 55, 212–2 and CP 55,940 
to cultured primary afferent neurons reduced evoked Ca2+ influx in intermediate-diameter 
neurons, but not small-diameter neurons, though immunoreactivity for CB1 was detected in 
both cell populations [12, 91]. This indicates that reduction of calcium influx is just one of the 
inhibitory actions that can result from CB1 activation. Activation of CB1 receptors has also 
been shown to inhibit the release of calcitonin gene-related peptide (CGRP) from the nerve 
terminals of nociceptive primary afferent fibers in isolated skin from the rat hind paw [19], 
which could lead to reduced nociceptor excitability.
Expression of cannabinoid receptors can be modified in chronic pain states, which can enhance 
the effects of cannabinoid agonists. In a mouse model of bone cancer pain, the DRG ipsilat-
eral to the tumor-bearing hind paw showed increased expression of CB1 receptors. Enhanced 
CB1 receptor expression in the DRG may explain why small-diameter neurons co-cultured 
with cancer cells were responsive to CB1 receptor agonists (which attenuated evoked calcium 
influx), while small-diameter DRG neurons in naïve mice were not [75] (Figure 3).
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CB2 receptor mRNA and protein are increased in the lumbar DRG after spinal nerve liga-
tion (SNL) or CCI (Bennett model of neuropathic pain), but not CFA-induced inflammation 
[92]. The effect appears to be localized to microglia [92, 93], though there is some evidence 
of enhanced neuronal expression after SNL, including increased expression in the nerve 
proximal to the ligation [94]. In a mouse model of bone cancer pain, tumors showed high 
levels of CB2 receptor protein levels, and CB2 receptor proteins were also elevated in 
plantar skin of the tumor-bearing hind paw [76]. Taken together, these results support to 
the notion that endocannabinoid-mediated inhibition of peripheral nociceptor activity is 
necessary to prevent exaggerated responses to noxious stimuli and that tonic activation of 
endocannabinoids aids in suppressing pain, inflammation, and nociceptor sensitization 
after injury. Further evidence is shown by differences in levels of endocannabinoids in 
naïve, acute inflammation, and chronic pain conditions. In models of chronic pain from 
bone cancer and chemotherapy-induced peripheral neuropathy, the level of AEA was 
decreased in the skin of the plantar hind paw due to increased FAAH mRNA expres-
sion and AEA uptake in DRG neurons ipsilateral to a tumor-bearing hind paw [75, 95]. In 
cisplatin-treated mice, expression of 2-AG and AEA are both decreased in the plantar skin 
and DRG [86].
Figure 3. Small DRG neurons (<500 μm2) isolated from DRG L3-L5 of tumor-bearing mice and maintained in vitro 
in control medium for 20–28 h exhibited a change in sensitivity to the CB1 agonist ACEA. (A) The trace represents 
cannabinoid agonist inhibition of the Ca2+ transient evoked by brief superfusion with KCl (50 mM, 10 s, arrows). 
ACEA (1 μM) was included in the superfusate following the first test with KCl. (B) ACEA attenuated the Ca2+ transient 
evoked by KCl (50 mM) in neurons isolated from L3-L5 DRGs of tumor-bearing mice, but not in those from naïve mice. 
Involvement of CB1 receptors in the response to ACEA was confirmed by blocking the inhibitory effect by co-application 
of the CB1 receptor antagonist SR141716A (SR, 1 μM). Relative response was defined as the amplitude of the response of 
a neuron to KCl in the presence of ACEA divided by the amplitude of the response in the absence of ACEA. *Significantly 
different at p < 0.001; #significantly different at p < 0.01 (one-way ANOVA with Tukey’s multiple comparisons test). 
Reproduced from Khasabova et al. [75].
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3. Conclusions
Concerns about the safety of commonly used analgesic drugs have hindered the treatment 
of patients with chronic pain. Continued exploration of mechanisms underlying nociceptive 
processing under naïve, acute and chronic pain states has helped identify specific targets for 
the development of new treatment approaches that could solve some of the problems associ-
ated with chronic use of opiates and NSAIDs. This includes the use of drugs which target 
the endocannabinoid system. Early investigations identified problems with the systemic use 
of compounds derived from the cannabis plant, including sedation, mood alterations, and 
motor effects, a direct consequence of binding to cannabinoid receptors in the brain. By target-
ing the peripheral endocannabinoid system, the negative side effects of cannabinoids can be 
bypassed, providing analgesia without impairment of normal function. Work with animal 
models has shown that activation of cannabinoid receptors in the periphery can be useful for 
a wide variety of pain conditions, including inflammation, bone cancer pain, chemotherapy-
induced peripheral neuropathy, and sickle cell disease. Analgesia can be achieved through 
direct receptor activation or through the restoration of endocannabinoid levels, both of which 
decrease signs of sensitization in peripheral nociceptors. Thus, specific treatments could 
target known alterations in endocannabinoid levels associated with different chronic pain 
conditions. Drugs targeting the peripheral endocannabinoid system could be used as effective 
analgesics or in combination with currently available therapies to maximize pain relief while 
minimizing harmful side effects.
Acknowledgements
This work was supported by NIH grants HL135895 and HL117664.
Conflict of interest
The authors have no conflicts of interest to declare.
Author details
Megan L. Uhelski*, Iryna Khasabova and Donald A. Simone
*Address all correspondence to: muhelski@umn.edu
Department of Diagnostic and Biological Sciences, School of Dentistry, 
University of Minnesota, Minneapolis, MN USA
Recent Advances in Cannabinoid Research110
References
[1] Devane WA, Dysarz F3, Johnson MR, Melvin LS, Howlett AC. Determination and char-
acterization of a cannabinoid receptor in rat brain. Molecular Pharmacology. 1988 Nov 
1;34(5):605-613
[2] Devane WA, Hanus L, Breuer A, Pertwee RG, Stevenson LA, Griffin G, Gibson D, 
Mandelbaum A, Etinger A, Mechoulam R. Isolation and structure of a brain constituent 
that binds to the cannabinoid receptor. Science. 1992 Dec 18;258(5090):1946-1949. DOI: 
10.1126/science.1470919
[3] Matsuda LA, Lolait SJ, Brownstein MJ, Young AC, Bonner TI. Structure of a cannabinoid 
receptor and functional expression of the cloned cDNA. Nature. 1990 Aug;346(6284):561
[4] Munro S, Thomas KL, Abu-Shaar M. Molecular characterization of a peripheral receptor 
for cannabinoids. Nature. 1993 Sep;365(6441):61
[5] Hohmann AG, Martin WJ, Tsou K, Walker JM. Inhibition of noxious stimulus-evoked 
activity of spinal cord dorsal horn neurons by the cannabinoid WIN 55,212-212. Life 
Sciences. 1995 May 5;56(23-24):2111-2118. DOI: 10.1016/0024-3205(95)00196-D
[6] Hohmann AG, Tsou K, Walker JM. Cannabinoid modulation of wide dynamic range 
neurons in the lumbar dorsal horn of the rat by spinally administered WIN55,212-2. 
Neuroscience Letters. 1998 Dec 4;257(3):119-122. DOI: 10.1016/S0304-3940(98)00802-7
[7] Hohmann AG, Tsou K, Walker JM. Cannabinoid suppression of noxious heat-evoked 
activity in wide dynamic range neurons in the lumbar dorsal horn of the rat. Journal of 
Neurophysiology. 1999 Feb 1;81(2):575-583. DOI: 10.1152/jn.1999.81.2.575
[8] Griffin G, Tao Q, Abood ME. Cloning and pharmacological characterization of the rat 
CB2 cannabinoid receptor. Journal of Pharmacology and Experimental Therapeutics. 
2000 Mar 1;292(3):886-894
[9] Fride E, Mechoulam R. Pharmacological activity of the cannabinoid receptor  agonist, 
anandamide, a brain constituent. European Journal of Pharmacology. 1993 Feb 9;231(2): 
313-314. DOI: 10.1016/0014-2999(93)90468-W
[10] Di Marzo V, Bifulco M, De Petrocellis L. The endocannabinoid system and its therapeutic 
exploitation. Nature Reviews Drug discovery. 2004 Sep;3(9):771. DOI: 10.1038/nrd1495
[11] Pacher P, Bátkai S, Kunos G. The endocannabinoid system as an emerging target of 
pharmacotherapy. Pharmacological Reviews. 2006 Sep 1;58(3):389-462. DOI: 10.1124/
pr.58.3.2
[12] Khasabova IA, Simone DA, Seybold VS. Cannabinoids attenuate depolarization-dependent 
Ca2+ influx in intermediate-size primary afferent neurons of adult rats. Neuroscience. 
2002 Dec 2;115(2):613-625
Modulation of Pain by Endocannabinoids in the Periphery
http://dx.doi.org/10.5772/intechopen.79673
111
[13] Facci L, Dal Toso R, Romanello S, Buriani A, Skaper SD, Leon A. Mast cells express a 
peripheral cannabinoid receptor with differential sensitivity to anandamide and palmi-
toylethanolamide. Proceedings of the National Academy of Sciences. 1995 Apr 11;92(8): 
3376-3380. DOI: 10.1073/pnas.92.8.3376
[14] Galiègue S, Mary S, Marchand J, Dussossoy D, Carrière D, Carayon P, Bouaboula M, 
Shire D, Fur G, Casellas P. Expression of central and peripheral cannabinoid receptors 
in human immune tissues and leukocyte subpopulations. The FEBS Journal. 1995 Aug 
1;232(1):54-61. DOI: 10.1111/j.1432-1033.1995.tb20780.x
[15] Calignano A, La Rana G, Giuffrida A, Piomelli D. Control of pain initiation by endog-
enous cannabinoids. Nature. 1998 Jul;394(6690):277. DOI: 10.1038/28393
[16] Moss DE, Johnson RL. Tonic analgesic effects of Δ9-tetrahydrocannabinol as measured 
with the formalin test. European Journal of Pharmacology. 1980 Feb 8;61(3):313-315
[17] Elmes SJ, Winyard LA, Medhurst SJ, Clayton NM, Wilson AW, Kendall DA, Chapman V. 
Activation of CB1 and CB2 receptors attenuates the induction and maintenance of inflam-
matory pain in the rat. Pain. 2005 Dec 5;118(3):327-335. DOI: 10.1016/j.pain.2005.09.005
[18] Clayton N, Marshall FH, Bountra C, O'shaughnessy CT. CB1 and CB2 cannabinoid recep-
tors are implicated in inflammatory pain. Pain. 2002 Apr 1;96(3):253-260. DOI: 10.1016/
S0304-3959(01)00454-7
[19] Richardson JD, Kilo S, Hargreaves KM. Cannabinoids reduce hyperalgesia and inflam-
mation via interaction with peripheral CB1 receptors. Pain. 1998 Mar 1;75(1):111-119
[20] Martin WJ, Loo CM, Basbaum AI. Spinal cannabinoids are anti-allodynic in rats with 
persistent inflammation. Pain. 1999 Aug 1;82(2):199-205
[21] Ko MC, Woods JH. Local administration of Δ9-tetrahydrocannabinol attenuates capsa-
icin-induced thermal nociception in rhesus monkeys: A peripheral cannabinoid action. 
Psychopharmacology. 1999 Apr 1;143(3):322-326
[22] Li J, Daughters RS, Bullis C, Bengiamin R, Stucky MW, Brennan J, Simone DA. The can-
nabinoid receptor agonist WIN 55,212-2 mesylate blocks the development of hyperalge-
sia produced by capsaicin in rats. Pain. 1999 May 1;81(1-2):25-33
[23] Johanek LM, Heitmiller DR, Turner M, Nader N, Hodges J, Simone DA. Cannabinoids 
attenuate capsaicin-evoked hyperalgesia through spinal and peripheral mechanisms. 
Pain. 2001 Sep 1;93(3):303-315. DOI: 10.1016/S0304-3959(01)00336-0
[24] Rukwied R, Watkinson A, McGlone F, Dvorak M. Cannabinoid agonists attenuate capsa-
icin-induced responses in human skin. Pain. 2003 Apr 1;102(3):283-288
[25] Herzberg U, Eliav E, Bennett GJ, Kopin IJ. The analgesic effects of R (+)-WIN 55,212-2 
mesylate, a high affinity cannabinoid agonist, in a rat model of neuropathic pain. Neuro-
science Letters. 1997 Jan 17;221(2-3):157-160. DOI: 10.1016/S0304-3940(96)13308-5
[26] Fox A, Kesingland A, Gentry C, McNair K, Patel S, Urban L, James I. The role of cen-
tral and peripheral Cannabinoid1 receptors in the antihyperalgesic activity of canna-
binoids in a model of neuropathic pain. Pain. 2001 May 1;92(1-2):91-100. DOI: 10.1016/
S0304-3959(00)00474-7
Recent Advances in Cannabinoid Research112
[27] Bridges D, Ahmad K, Rice AS. The synthetic cannabinoid WIN55, 212-2 attenuates 
hyperalgesia and allodynia in a rat model of neuropathic pain. British Journal of Phar-
macology. 2001;133:586-594. DOI: 10.1038/sj.bjp.0704110
[28] Scott DA, Wright CE, Angus JA. Evidence that CB-1 and CB-2 cannabinoid receptors 
mediate antinociception in neuropathic pain in the rat. Pain. 2004 May 1;109(1-2):124-131. 
DOI: 10.1016/j.pain.2004.01.020
[29] Ibrahim MM, Deng H, Zvonok A, Cockayne DA, Kwan J, Mata HP, Vanderah TW, Lai J, 
Porreca F, Makriyannis A, Malan TP. Activation of CB2 cannabinoid receptors by AM1241 
inhibits experimental neuropathic pain: Pain inhibition by receptors not present in the 
CNS. Proceedings of the National Academy of Sciences. 2003 Sep 2;100(18):10529-10533. 
DOI: 10.1073/pnas.1834309100
[30] Doğrul A, Gül H, Yıldız O, Bilgin F, Güzeldemir ME. Cannabinoids blocks tactile allo-
dynia in diabetic mice without attenuation of its antinociceptive effect. Neuroscience 
Letters. 2004 Sep 16;368(1):82-86. DOI: 10.1016/j.neulet.2004.06.060
[31] Ulugol A, Karadag HC, Ipci Y, Tamer M, Dokmeci I. The effect of WIN 55,212-2, a can-
nabinoid agonist, on tactile allodynia in diabetic rats. Neuroscience Letters. 2004 Nov 23; 
371(2-3):167-170
[32] Vera G, López-Miranda V, Herradón E, Martín MI, Abalo R. Characterization of canna-
binoid-induced relief of neuropathic pain in rat models of type 1 and type 2 diabetes. 
Pharmacology Biochemistry and Behavior. 2012 Aug 1;102(2):335-343. DOI: 10.1016/j.
pbb.2012.05.008
[33] Vera G, Chiarlone A, Cabezos PA, Pascual D, Martín MI, Abalo R. WIN 55,212-2 
prevents mechanical allodynia but not alterations in feeding behaviour induced by 
chronic cisplatin in the rat. Life Sciences. 2007 Jul 19;81(6):468-479. DOI: 10.1016/j.lfs. 
2007.06.012
[34] Vera G, Cabezos PA, Martín MI, Abalo R. Characterization of cannabinoid-induced 
relief of neuropathic pain in a rat model of cisplatin-induced neuropathy. Pharmacology 
Biochemistry and Behavior. 2013 Apr 1;105:205-212. DOI: 10.1016/j.pbb.2013.02.008
[35] Burgos E, Gómez-Nicola D, Pascual D, Martín MI, Nieto-Sampedro M, Goicoechea C. 
Cannabinoid agonist WIN 55,212-2 prevents the development of paclitaxel-induced 
peripheral neuropathy in rats. Possible involvement of spinal glial cells. European 
Journal of Pharmacology. 2012;682:62-72. DOI: 10.1016/j.ejphar.2012.02.008
[36] Deng L, Guindon J, Vemuri VK, Thakur GA, White FA, Makriyannis A, Hohmann AG. 
The maintenance of cisplatin-and paclitaxel-induced mechanical and cold allodynia is 
suppressed by cannabinoid CB 2 receptor activation and independent of CXCR4 signal-
ing in models of chemotherapy-induced peripheral neuropathy. Molecular Pain. 2012 
Dec;8(1):71. DOI: 10.1186/1744-8069-8-71
[37] Raft D, Gregg J, Ghia J, Harris L. Effects of intravenous tetrahydrocannabinol on experi-
mental and surgical pain; psychological correlates of the analgesic response. Clinical 
Pharmacology & Therapeutics. 1977 Jan 1;21(1):26-33
Modulation of Pain by Endocannabinoids in the Periphery
http://dx.doi.org/10.5772/intechopen.79673
113
[38] Yesilyurt O, Dogrul A, Gul H, Seyrek M, Kusmez O, Ozkan Y, Yildiz O. Topical can-
nabinoid enhances topical morphine antinociception. Pain. 2003 Sep 1;105(1-2):303-308. 
DOI: 10.1016/S0304-3959(03)00245-8
[39] Noyes R, Brunk SF, Avery DH, Canter A. The analgesic properties of delta-9-tetrahydro-
cannabinol and codeine. Clinical Pharmacology & Therapeutics. 1975 Jul 1;18(1):84-89
[40] Noyes R, Brunk SF, Baram DA, Canter A. Analgesic effect of delta-9-tetrahydrocannabi-
nol. The Journal of Clinical Pharmacology. 1975 Feb 3;15(2-3):139-143
[41] Hampson AJ, Grimaldi M, Axelrod J, Wink D. Cannabidiol and (−) Δ9-tetrahydrocannabinol 
are neuroprotective antioxidants. Proceedings of the National Academy of Sciences. 
1998 Jul 7;95(14):8268-8273. DOI: 10.1073/pnas.95.14.8268
[42] Thomas A, Baillie GL, Phillips AM, Razdan RK, Ross RA, Pertwee RG. Cannabidiol dis-
plays unexpectedly high potency as an antagonist of CB1 and CB2 receptor agonists 
in vitro. British journal of pharmacology. 2007 Mar 1;150(5):613-623
[43] Laprairie RB, Bagher AM, Kelly ME, Denovan-Wright EM. Cannabidiol is a negative 
allosteric modulator of the cannabinoid CB1 receptor. British Journal of Pharmacology. 
2015 Oct 1;172(20):4790-4805
[44] Nagayama T, Sinor AD, Simon RP, Chen J, Graham SH, Jin K, Greenberg DA. Canna-
binoids and neuroprotection in global and focal cerebral ischemia and in neuronal cul-
tures. Journal of Neuroscience. 1999 Apr 15;19(8):2987-2995
[45] Fernández-López D, Martínez-Orgado J, Nuñez E, Romero J, Lorenzo P, Moro MÁ, 
Lizasoain I. Characterization of the neuroprotective effect of the cannabinoid agonist 
WIN-55212 in an in vitro model of hypoxic-ischemic brain damage in newborn rats. 
Pediatric Research. 2006 Aug;60(2):169. DOI: 10.1203/01.pdr.0000228839.00122.6c
[46] Panikashvili D, Simeonidou C, Ben-Shabat S, Hanuš L, Breuer A, Mechoulam R, Shohami 
E. An endogenous cannabinoid (2-AG) is neuroprotective after brain injury. Nature. 
2001 Oct;413(6855):527. DOI: 10.1038/35097089
[47] Ramírez BG, Blázquez C, del Pulgar TG, Guzmán M, de Ceballos ML. Prevention of 
Alzheimer's disease pathology by cannabinoids: Neuroprotection mediated by block-
ade of microglial activation. Journal of Neuroscience. 2005 Feb 23;25(8):1904-1913. DOI: 
10.1523/JNEUROSCI.4540-04.2005
[48] Molina-Holgado F, Lledó A, Guaza C. Anandamide suppresses nitric oxide and TNF-α 
responses to Theiler's virus or endotoxin in astrocytes. Neuroreport. 1997 May 26;8(8): 
1929-1933
[49] Molina-Holgado F, Molina-Holgado E, Guaza C, Rothwell NJ. Role of CB1 and CB2 recep-
tors in the inhibitory effects of cannabinoids on lipopolysaccharide-induced nitric oxide 
release in astrocyte cultures. Journal of Neuroscience Research. 2002 Mar 15;67(6):829-836. 
DOI: 10.1002/jnr.10165
[50] Puffenbarger RA, Boothe AC, Cabral GA. Cannabinoids inhibit LPS-inducible cytokine 
mRNA expression in rat microglial cells. Glia. 2000 Jan 1;29(1):58-69
Recent Advances in Cannabinoid Research114
[51] Marsicano G, Moosmann B, Hermann H, Lutz B, Behl C. Neuroprotective properties of 
cannabinoids against oxidative stress: Role of the cannabinoid receptor CB1. Journal of 
Neurochemistry. 2002 Feb 1;80(3):448-456
[52] Facchinetti F, Del Giudice E, Furegato S, Passarotto M, Leon A. Cannabinoids ablate 
release of TNFα in rat microglial cells stimulated with lipopolysaccharide. Glia 2003 Jan 15; 
41(2):161-168. DOI: 10.1002/glia.10177
[53] Sheng WS, Hu S, Min X, Cabral GA, Lokensgard JR, Peterson PK. Synthetic cannabi-
noid WIN55, 212-2 inhibits generation of inflammatory mediators by IL-1β-stimulated 
human astrocytes. Glia. 2005 Jan 15;49(2):211-219. DOI: 10.1002/glia.20108
[54] Fernández-Ruiz J, Romero J, Velasco G, Tolón RM, Ramos JA, Guzmán M. Cannabinoid 
CB2 receptor: A new target for controlling neural cell survival? Trends in Pharmacological 
Sciences. 2007 Jan 1;28(1):39-45. DOI: 10.1016/j.tips.2006.11.001
[55] Pryce G, Ahmed Z, Hankey DJ, Jackson SJ, Croxford JL, Pocock JM, Ledent C, Petzold 
A, Thompson AJ, Giovannoni G, Cuzner ML, Baker D. Cannabinoids inhibit neurode-
generation in models of multiple sclerosis. Brain. 2003 Oct 1;126(10):2191-2202. DOI: 
10.1093/brain/awg224
[56] Maresz K, Pryce G, Ponomarev ED, Marsicano G, Croxford JL, Shriver LP, Ledent C, 
Cheng X, Carrier EJ, Mann MK, Giovannoni G. Direct suppression of CNS autoimmune 
inflammation via the cannabinoid receptor CB 1 on neurons and CB 2 on autoreactive T 
cells. Nature Medicine. 2007 Apr;13(4):492. DOI: 10.1038/nm1561
[57] Croxford JL, Pryce G, Jackson SJ, Ledent C, Giovannoni G, Pertwee RG, Yamamura T, 
Baker D. Cannabinoid-mediated neuroprotection, not immunosuppression, may be 
more relevant to multiple sclerosis. Journal of Neuroimmunology. 2008 Jan 1;193(1): 
120-129. DOI: 10.1016/j.jneuroim.2007.10.024
[58] Costa B, Colleoni M, Conti S, Trovato AE, Bianchi M, Sotgiu ML, Giagnoni G. Repeated 
treatment with the synthetic cannabinoid WIN 55,212-2 reduces both hyperalgesia and 
production of pronociceptive mediators in a rat model of neuropathic pain. British 
Journal of Pharmacology. 2004 Jan 1;141(1):4-8. DOI: 10.1038/sj.bjp.0705587
[59] Castaneto MS, Gorelick DA, Desrosiers NA, Hartman RL, Pirard S, Huestis MA. Synthetic 
cannabinoids: Epidemiology, pharmacodynamics, and clinical implications. Drug & 
Alcohol Dependence. 2014 Nov 1;144:12-41. DOI: 10.1016/j.drugalcdep.2014.08.005
[60] Johanek LM, Simone DA. Activation of peripheral cannabinoid receptors attenuates 
cutaneous hyperalgesia produced by a heat injury. Pain. 2004 Jun 1;109(3):432-442. DOI: 
10.1016/j.pain.2004.02.020
[61] Potenzieri C, Harding-Rose C, Simone DA. The cannabinoid receptor agonist, WIN 55, 
212-2, attenuates tumor-evoked hyperalgesia through peripheral mechanisms. Brain 
Research. 2008 Jun 18;1215:69-75. DOI: 10.1016/j.brainres.2008.03.063
[62] Martin BR, Compton DR, Thomas BF, Prescott WR, Little PJ, Razdan RK, Johnson MR, 
Melvin LS, Mechoulam R. Behavioral, biochemical, and molecular modeling evaluations of 
cannabinoid analogs. Pharmacology Biochemistry and Behavior. 1991 Nov 1;40(3):471-478
Modulation of Pain by Endocannabinoids in the Periphery
http://dx.doi.org/10.5772/intechopen.79673
115
[63] Uhelski ML, Cain DM, Harding-Rose C, Simone DA. The non-selective cannabinoid 
receptor agonist WIN 55,212-2 attenuates responses of C-fiber nociceptors in a murine 
model of cancer pain. Neuroscience. 2013 Sep 5;247:84-94. DOI: 10.1016/j.neuroscience. 
2013.05.003
[64] Kohli DR, Li Y, Khasabov SG, Gupta P, Kehl LJ, Ericson ME, Nguyen J, Gupta V, 
Hebbel RP, Simone DA, Gupta K. Pain-related behaviors and neurochemical alterations 
in mice expressing sickle hemoglobin: Modulation by cannabinoids. Blood. 2010 Jul 
22;116(3):456-465. DOI: 10.1182/blood-2010-01-260372
[65] Pascual D, Goicoechea C, Suardíaz M, Martín MI. A cannabinoid agonist, WIN 55,212-2, 
reduces neuropathic nociception induced by paclitaxel in rats. Pain. 2005 Nov 1;118(1-2): 
23-34. DOI: 10.1016/j.pain.2005.07.008
[66] Dziadulewicz EK, Bevan SJ, Brain CT, Coote PR, Culshaw AJ, Davis AJ, Edwards LJ, 
Fisher AJ, Fox AJ, Gentry C, Groarke A. Naphthalen-1-yl-(4-pentyloxynaphthalen-1-yl) 
methanone: A potent, orally bioavailable human CB1/CB2 dual agonist with antihyperal-
gesic properties and restricted central nervous system penetration. Journal of Medicinal 
Chemistry. 2007 Aug 9;50(16):3851-3856. DOI: 10.1021/jm070317a
[67] Potenzieri C, Brink TS, Pacharinsak C, Simone DA. Cannabinoid modulation of cutane-
ous Aδ nociceptors during inflammation. Journal of Neurophysiology. 2008 Nov;100(5): 
2794-2806. DOI: 10.1152/jn.90809.2008
[68] Khasabova IA, Gielissen J, Chandiramani A, Harding-Rose C, Odeh DA, Simone DA, 
Seybold VS. CB1 and CB2 receptor agonists promote analgesia through synergy in a 
murine model of tumor pain. Behavioural Pharmacology. 2011 Sep;22(5-6):607-616. DOI: 
10.1097/FBP.0b013e3283474a6d
[69] Malan TP Jr, Ibrahim MM, Deng H, Liu Q, Mata HP, Vanderah T, Porreca F, Makriyannis 
A. CB2 cannabinoid receptor-mediated peripheral antinociception. Pain. 2001 Sep 1;93(3): 
239-245
[70] Hohmann AG, Farthing JN, Zvonok AM, Makriyannis A. Selective activation of cannabi-
noid CB2 receptors suppresses hyperalgesia evoked by intradermal capsaicin. Journal of 
Pharmacology and Experimental Therapeutics. 2004 Feb 1;308(2):446-453. DOI: 10.1124/
jpet.103.060079
[71] Quartilho A, Mata HP, Ibrahim MM, Vanderah TW, Porreca F, Makriyannis A, Malan 
TP. Inhibition of inflammatory Hyperalgesia by activation of peripheral CB2 cannabi-
noid receptors. Anesthesiology. 2003 Oct 1;99(4):955-960
[72] Guindon J, De Léan A, Beaulieu P. Local interactions between anandamide, an endocan-
nabinoid, and ibuprofen, a nonsteroidal anti-inflammatory drug, in acute and inflam-
matory pain. Pain. 2006 Mar 1;121(1-2):85-93. DOI: 10.1016/j.pain.2005.12.007
[73] Guindon J, Desroches J, Beaulieu P. The antinociceptive effects of intraplantar injections 
of 2-arachidonoyl glycerol are mediated by cannabinoid CB2 receptors. British Journal 
of Pharmacology. 2007 Mar 1;150(6):693-701. DOI: 10.1038/sj.bjp.0706990
Recent Advances in Cannabinoid Research116
[74] Sokal DM, Elmes SJ, Kendall DA, Chapman V. Intraplantar injection of anandamide 
inhibits mechanically-evoked responses of spinal neurones via activation of CB2 recep-
tors in anaesthetised rats. Neuropharmacology. 2003 Sep 1;45(3):404-411
[75] Khasabova IA, Khasabov SG, Harding-Rose C, Coicou LG, Seybold BA, Lindberg AE, 
Steevens CD, Simone DA, Seybold VS. A decrease in anandamide signaling contributes 
to the maintenance of cutaneous mechanical hyperalgesia in a model of bone cancer 
pain. Journal of Neuroscience. 2008 Oct 29;28(44):11141-11152
[76] Khasabova IA, Chandiramani A, Harding-Rose C, Simone DA, Seybold VS. Increasing 
2-arachidonoyl glycerol signaling in the periphery attenuates mechanical hyperalgesia 
in a model of bone cancer pain. Pharmacological Research. 2011 Jul 1;64(1):60-67. DOI: 
10.1016/j.phrs.2011.03.007
[77] Khasabova IA, Khasabov S, Paz J, Harding-Rose C, Simone DA, Seybold VS. Cannabinoid 
type-1 receptor reduces pain and neurotoxicity produced by chemotherapy. Journal of 
Neuroscience. 2012 May 16;32(20):7091-7101. DOI: 10.1523/JNEUROSCI.2847-08.2008
[78] Fischbach T, Greffrath W, Nawrath H, Treede RD. Effects of anandamide and noxious 
heat on intracellular calcium concentration in nociceptive DRG neurons of rats. Journal 
of Neurophysiology. 2007 Aug;98(2):929-938. DOI: 10.1152/jn.01096.2006
[79] Uhelski ML, Khasabova IA, Simone DA. Inhibition of anandamide hydrolysis attenu-
ates nociceptor sensitization in a murine model of chemotherapy-induced peripheral 
neuropathy. Journal of Neurophysiology. 2014 Dec 10;113(5):1501-1510. DOI: 10.1152/
jn.00692.2014
[80] Uhelski ML, Gupta K, Simone DA. Sensitization of C-fiber nociceptors in mice with 
sickle cell disease is decreased by local inhibition of anandamide hydrolysis. Pain. 2017 
Sep 1;158(9):1711-1722. DOI: 10.1097/j.pain.0000000000000966
[81] Clapper JR, Moreno-Sanz G, Russo R, Guijarro A, Vacondio F, Duranti A, Tontini A, 
Sanchini S, Sciolino NR, Spradley JM, Hohmann AG. Anandamide suppresses pain ini-
tiation through a peripheral endocannabinoid mechanism. Nature Neuroscience. 2010 
Oct;13(10):1265. DOI: 10.1038/nn.2632
[82] Moreno-Sanz G, Sasso O, Guijarro A, Oluyemi O, Bertorelli R, Reggiani A, Piomelli D. 
Pharmacological characterization of the peripheral FAAH inhibitor URB937 in female 
rodents: Interaction with the Abcg2 transporter in the blood-placenta barrier. British Journal 
of Pharmacology. 2012 Dec 1;167(8):1620-1628. DOI: 10.1111/j.1476-5381.2012.02098.x
[83] Yu M, Ives D, Ramesha CS. Synthesis of prostaglandin E2 ethanolamide from anandamide 
by cyclooxygenase-2. Journal of Biological Chemistry. 1997 Aug 22;272(34):21181-21186. 
DOI: 10.1074/jbc.272.34.21181
[84] Cravatt BF, Demarest K, Patricelli MP, Bracey MH, Giang DK, Martin BR, Lichtman AH. 
Supersensitivity to anandamide and enhanced endogenous cannabinoid signaling in 
mice lacking fatty acid amide hydrolase. Proceedings of the National Academy of Sciences. 
2001 Jul 31;98(16):9371-9376. DOI: 10.1073/pnas.161191698
Modulation of Pain by Endocannabinoids in the Periphery
http://dx.doi.org/10.5772/intechopen.79673
117
[85] Vandevoorde S, Jonsson KO, Labar G, Persson E, Lambert DM, Fowler CJ. Lack of 
selectivity of URB602 for 2-oleoylglycerol compared to anandamide hydrolysis in vitro. 
British Journal of Pharmacology. 2007 Jan 1;150(2):186-191. DOI: 10.1038/sj.bjp.0706971
[86] Khasabova IA, Yao X, Paz J, Lewandowski CT, Lindberg AE, Coicou L, Burlakova N, 
Simone DA, Seybold VS. JZL184 is anti-hyperalgesic in a murine model of cisplatin-
induced peripheral neuropathy. Pharmacological Research. 2014 Dec 1;90:67-75. DOI: 
10.1016/j.phrs.2014.09.008
[87] Hohmann AG, Herkenham M. Localization of central cannabinoid CB1 receptor mes-
senger RNA in neuronal subpopulations of rat dorsal root ganglia: A double-label in situ 
hybridization study. Neuroscience. 1999 May 1;90(3):923-931. DOI: 10.1016/S0306-4522 
(98)00524-7
[88] Bridges D, Rice ASC, Egertova M, Elphick MR, Winter J, Michael GJ. Localisation of 
cannabinoid receptor 1 in rat dorsal root ganglion using in situ hybridisation and immu-
nohistochemistry. Neuroscience. 2003;119:803-812. DOI: 10.1016/S0306-4522(03)00200-8
[89] Agarwal N, Pacher P, Tegeder I, Amaya F, Constantin CE, Brenner GJ, Rubino T, 
Michalski CW, Marsicano G, Monory K, Mackie K. Cannabinoids mediate analgesia 
largely via peripheral type 1 cannabinoid receptors in nociceptors. Nature Neuroscience. 
2007;10:870. DOI: 10.1038/nn1916
[90] Zhu CZ, Mikusa JP, Fan Y, Hollingsworth PR, Pai M, Chandran P, Daza AV, Yao BB, Dart 
MJ, Meyer MD, Decker MW. Peripheral and central sites of action for the non-selective 
cannabinoid agonist WIN 55,212-2 in a rat model of post-operative pain. British Journal 
of Pharmacology. 2009 Jun 1;157(4):645-655. DOI: 10.1111/j.1476-5381.2009.00184.x
[91] Khasabova IA, Harding-Rose C, Simone DA, Seybold VS. Differential effects of CB1 and 
opioid agonists on two populations of adult rat dorsal root ganglion neurons. Journal of 
Neuroscience. 2004 Feb 18;24(7):1744-1753. DOI: 10.1523/JNEUROSCI.4298-03.2004
[92] Zhang J, Hoffert C, Vu HK, Groblewski T, Ahmad S, O'donnell D. Induction of CB2 
receptor expression in the rat spinal cord of neuropathic but not inflammatory chronic 
pain models. European Journal of Neuroscience. 2003 Jun 1;17(12):2750-2754. DOI: 10. 
1046/j.1460-9568.2003.02704.x
[93] Beltramo M, Bernardini N, Bertorelli R, Campanella M, Nicolussi E, Fredduzzi S, 
Reggiani A. CB2 receptor-mediated antihyperalgesia: Possible direct involvement of 
neural mechanisms. European Journal of Neuroscience. 2006;23:1530-1538. DOI: 10.1111/j. 
1460-9568.2006.04684.x
[94] Wotherspoon G, Fox A, McIntyre P, Colley S, Bevan S, Winter J. Peripheral nerve injury 
induces cannabinoid receptor 2 protein expression in rat sensory neurons. Neuroscience. 
2005 Jan 1;135(1):235-245. DOI: 10.1016/j.neuroscience.2005.06.009
[95] Khasabova IA, Holman M, Morse T, Burlakova N, Coicou L, Harding-Rose C, Simone DA, 
Seybold VS. Increased anandamide uptake by sensory neurons contributes to hyper-
algesia in a model of cancer pain. Neurobiology of Disease. 2013 Oct 1;58:19-28. DOI: 
10.1016/j.nbd.2013.04.018
Recent Advances in Cannabinoid Research118
